p-Hydroxy-DL-phenylglycin 16 , farblose Nadeln aus n-Propanol/Wasser 3:1, Schmp. 215 -216 °C, Zers., 46 mg ( = 55% d. Theorie).
ZUBER
1 has purified and characterized a carboxypeptidase extracted from the exocarp of citrus fruit. A study of the occurrence of similar enzymes in various organisms of the plant kingdom has now yielded evidence that carboxypeptidases with a pH optimum around 5 are common constituents of many angiospermous plants (Table 1) . It is unlikely that the carboxypeptidases which occur in different plant species are identical with respect to structure, activity and specificity; rather would it seem that they belong to a family of enzymes, subsequently termed acid carboxypeptidases, which hydrolyze typical substrates at a pH of 5.3.
With two exceptions all of the angiospermous plants tested so far contain acid carboxypeptidase activity: from the point of view of phylogenetic classification, it should be noted that Fagus and Magnolia, which lade this enzyme, belong to the primitive orders of Fagales and Polycarpicae. dase is also absent in extracts from needles of the gymnosperm Picea. Of some Cryptogams tested the horse-tail Equisetum contains acid carboxypeptidase; considering the phylogenetic situation of the Equisetales, it appears that acid carboxypeptidases may have originated independently at the evolutionary levels of the Pteridophyta (class of Equisetales which has not passed through further development) and of the Angiosperms. Carboxypeptidase activity, finally, is present in the thermophilic fungi Talaromyces duponti (Ascomycetes) Humicula lanuginosa (Deuteromycetes); these enzymes, however, belong to a different family of alkaline carboxypeptidases since they are optimally active at pH 8 -9. Similar enzymes have recently been isolated from yeast and Streptomyces Fradiae 2 .
The total carboxypeptidase activity which is extractable from a certain mass of plant material seems to be dependent both on the species of plant and on the kind of tissue used. It appears from the data listed in Table 1 The tissues were extracted with 2.3% NaCl as described previously Precipitation of the protein with (NH 4 ) 2 S0 4 (70% saturation) yielded a crude enzyme product which was dialyzed against water and lyophilized. In lemon the exocarp of very young fruits contains twice as much carboxypeptidase than the same tissue of mature fruits (Table 2) . Thus the carboxypeptidase content seems to be related to the metabolic activity of cells. In citrus not only the fruit but also the leaf contains the enzyme: in contrast to the above findings, more activity is present in extracts from old leaves. Of all the tissues tested so far the crude enzyme product from old lemon leaves contained the highest carboxypeptidase activity. In order to elucidate the functional significance of the acid carboxypeptidase its intracellular distribution was studied in a suitable object. Preliminary experiments had shown that approximately onethird of the total activity present in an extract from corn seedlings (grown under sterile conditions at 28 °C for 40 hrs) is sedimentable. An even higher proportion of the enzyme is structurally bound in extracts from root tips (approx. 5 mm long), prepared by grinding the tissue in the presence of sand and a medium containing 0.5 M sorbitol, 0.05 M tris-HCl-buffer pH 7.6 and 1 mM EDTA. Differential centrifugation of the low-speed supernatant of a root tip extract yielded a mitochondrial (15 min 20,000 g), a microsomal (30 min 150,000 g) and a soluble fraction. Carboxypeptidase activity is present in all of these subcellular fractions; thus, the enzyme appears to be both soluble and structurally bound (Table 3 ). The highest specific activity is present in the mitochondrial fraction which, according to a previous study 3 contains particles carrying a considerable number of lysosomal enzymes. Several types of lysosomes can be distinguished; one of them is identical with small vacuoles which, in contrast to large vacuoles, are not destroyed when the tissue is ground. These vacuoles are not sedimentable in media which contain even low concentrations of surcrose; the other types of lysosomes, however, sediment ealisy in 0.4 M sucrose. Hence, two classes of lysosomes can be obtained from a mitochondrial fraction which is overlayered on a discontinuous gradient with steps of 0.4 and 1.17 M sucrose; upon centrifugation (2 hrs at 39,000 rpm in a Spinco SW 39 rotor) the mitochondria form a pellet, whilst heavy and light lysosomes are trapped at the surface of 1.17 and 0.4 M sucrose, respectively. The data in Table 3 show that carboxypeptidase is present in both types of lysosomes. The highest specific acti vity is contained in the light lysosomes -that is, in meristematic vacuoles.
According to early observations of cytologists4 the large vacuole of expanded (differentiated) plant cells originates from tiny vacuoles of meristematic cells. It may therefore be assumed that the enzyme acivity found in the soluble cell fraction is localized in vacuoles large enough to be disrupted during homogenization of the cells. This assumption is sup ported by the finding that the lysosomal enzymes 4 A. G u i l l i e r m o n d , G . M a n g e n o t , and L. P l a n t e f o l , Traite de Cytologie vegetale, Le Frangois, Paris 1933. 5 P h . M a t i l e and A. W ie m k e n , Arch. Mikrobiol. 56, 148 [1967] .
present in preparations of isolated vacuoles of yeast cells are completely soluble if the cells are submitted to a procedure of homogenization which causes the rupture of these delicate organelles5. Functionally, the acid carboxypeptidases seem to be involved in the intracellular digestion of protein, a process which, together with protein synthesis, is responsible for the phenomenon of protein turnover. From the localization of this and many other lysosomal enzymes in meristematic vacuoles 6 it must be con cluded that this organelle represents the locus of intracellular digestion. The acid carboxypeptidases of higher plant cells seem to represent lysosomal enzymes analogous to what were formarly termed the cathepsins 7 of ani mal cells. In contrast to their alkaline counterparts (intestinal carboxypeptidase A and B, fungal carb oxypeptidase) acid carboxypeptidases seem not to be metalloenzymes (no inhibition with E D T A ). They seem to function intracellularly whereas the neutral or alkaline carboxypeptidases rather re present secretion products with an extracellular function. Acid and alkaline carboxypeptidases have different active sites, but since they catalyze the same reaction they are analogous enzymes.
